ABSTRACT
INTRODUCTION
Reactive oxygen species (ROS) and antioxidants are involved in all aspects of aerobic life. Antioxidants are substances that may protect the cells against the effects of ROS (Jin et al. 2012) . ROS together with other factors are important mediators in many diseases such as neurodegenerative diseases, cardiovascular diseases, inflammation, and arteriosclerosis (Barlak et al. 2011; Mitjavila and Moreno 2012; López-Alarcón and Denicola 2013) . Nowadays, synthetic antioxidants such as buthylated hydroxytoluene (BHT), buthylated hydroxyanisole (BHA) and tert-butylhydroquinone (TBHQ) are widely used in the food industry (Naveena et al. 2008) . However, potential cancer-inducing properties of these synthetic antioxidants have encouraged the investigation of natural antioxidants derived from plant components (Jin et al. 2012 ). There is a growing interest in natural substances exhibiting antioxidant properties for human and animal use as specific preventative pharmaceuticals (Goze et al. 2009 ). Therefore, several studies have been undertaken on the natural compounds contained in plant antioxidants over the past decade. These antioxidant effects are known to depend on natural compounds present in the plants such as flavonoids, alkaloids, coumarins and terpenes (mono-,di-, tri-tetra-, sesqui-, poli-) (Jin et al. 2012; Bubols et al. 2013) . Sesquiterpenes are compounds containing three isoprene units, which is fifteen carbons and twenty-four hydrogens per molecule (C 15 H 24 ).
There are more than 10,000 kinds of sesquiterpenes (Davıs and Croteau 2000) . They have long been investigated for biological activities such as antigenotoxic (Jahangir et al. 2005) , anticancer (Afoulous et al. 2013) , antimicrobial (Cirić 2012) , antifungal (Kundu et al. 2013) , anti-inflammatory (Yu et al. 2012 ) and antioxidant (Shi et al. 2012) . Guaiazulene (GYZ), a bicyclic sesquiterpene present in the essential oils of medicinal and aromatic plants (mainly oils of guaiac and chamomile) and has attracted much attention because of its beneficial biological activities (Fiori et al. 2011 ) Previous reports have indicated that GYZ has antioxidant, antifungal, antimicrobial, anti-inflammatory, anti-spasmodic, anti-ulcer, antitumoral activities and relaxant properties (Higa et al. 1988; Yanagisawa et al. 1990; Andersen, 1999; Tanaka et al. 2000; Guarrera et al. 2001; Fiori et al. 2008; Fiori et al. 2011; Sleha et al. 2012) . Although it has been demonstrated to have interesting biological effects, GYZ has been not proven to be biologically effective on PBL cultures. This work examined the effects of GYZ on the viability of cultured human blood cells (by LDH and MTT assays) and the role of GYZ on antioxidant capacity (by TAC and TOS analysis) and DNA damage (by MN and CA rates) after GYZ-treatment in cultured human blood cells.
MATERIALS AND METHODS

Cell cultures
Human peripheral blood cultures were set up according to a slight modification of the protocol described by Evans and O'Riordan (1975) . Human blood samples were obtained from five healthy, non-smokings, non-alcoholic, not under drug therapy and with no recent history of exposure to mutagens; females aged 25-30 years. The heparinized blood (0.5 mL -1 ) was cultured in 6.0 mL -1 of culture medium (PB-MAX™ Karyotyping Medium Gibco® Spain) with 5.0 mg/mL -1 of phytohemagglutinin (Sigma Aldrich®, Steinheim, Germany). (Geyikoğlu and Türkez 2006) . Guaiazulene (Cas: 489-84-9, C 15 H 18 ) was purchased from Sigma-Aldrich (Steinheim, Germany), dissolved in ethanol (40 µL -1 ) and its 0, 10, 25, 75, 50, 100, 150, 200 and 400 µg/mL -1 were added to the cultures just before the incubation. The concentrations were selected according to Çelik et al. (2014) . Mitomycin C (10 µm, Sigma-Aldrich®) was used as the positive control in the MTT, LDH, MN and CA assays. Ascorbic acid (10 µm, Sigma-Aldrich®) and hydrogen peroxide (25 µm, Sigma-Aldrich®) were also used as the positive controls in TAC and TOS analysis, respectively.
3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide MTT assay
The viability of the cells was assessed by measuring the formation of a formazan from MTT spectrophotometrically (MTT cell proliferation kit Cayman Chemical Company®, USA). The whole blood samples were seeded in 96-well plates. Cells were incubated at 37 0 C in a humidified 5% CO 2 /95% air mixture and treated with GYZ at different concentrations for 24 h. Briefly, MTT was added to the cell cultures for 3 h and formazan crystals formed were dissolved in dimethyl sulfoxide (Sigma-Aldrich®). Then the plates were analyzed using Elisa reader (SigmaAldrich, USA) at 570 nm wavelength (Lewerenz et al. 2003; Wang et al. 2010 ).
Lactate dehydrogenase (LDH) assay
LDH activity was measured in the culture medium as an index of cytotoxicity, using an LDH kit (Cayman Chemical®, USA). In brief, 10 4 -10 5 µL -1 cells/well were seeded in 96-well plates and exposed to different concentrations (0-400 µg mL -1 ) of GYZ for 24 h. At the end of exposure, 96-well plate was centrifuged at 400 g for 5 min to settle down the GYZ present in the solution. Then, a 100-µL -1 supernatant was transferred to a fresh well of 96-well plate that contained 100 µL of reaction mixture from the kit and incubated for 30 min at room temperature. After incubation, the absorbance of solution was measured at 490 nm using a microplate reader (Elisa reader Bio-Tek®, USA). LDH levels in the media versus the cells were quantified and compared with the control values according to the instruction of kit (Hussain et al. 2005) .
Micronucleus (MN) assay
Human lymphocytes stimulated by GYZ and cultured for about 72 h. After 44 h GYZ stimulation, cytochalasin B (Sigma; final concentration of 6.0 mg/mL -1 ) was added. Cells were harvested by centrifugation, treated with a hypotonic solution (0.075M KCl/37.4°C) The cells were then centrifuged and a solution (methanol + acetic acid) was added three times.
The resulting cells were re-suspended and dropped onto clean slides. To prepare the slides, 3-5 drops of the fixed cell suspension were dropped on a clean slide and air-dried. The slides were stained with May Grünwald-Giemsa in phosphate buffer (pH 6.8) and scored. MN was scored in 1000 binucleated cells and the frequency of cells with micronuclei was determined (Turkez et al. 2010 ).
Chromosomal aberration (CA) assay CA tests were performed not only to study the cytotoxicity of the material on cells but also to determine the aberrations induced by the particular material on chromosomes of the human lymphocytes cell line. Human lymphocytes were stimulated by GYZ and cultured for about 72 h. Two hours prior to harvesting, 0.1 mL -1 of colchicine (0.2 mg mL -1 , Sigma) was added to the culture flask. Cells were harvested by centrifugation, treated with a hypotonic solution (0.075M KCl/37.4°C) Again, the cells were then centrifuged and a solution (methanol + acetic acid) was added three times. The resulting cells were re-suspended and dropped onto clean slides. To prepare the slides, 3-5 drops of the fixed cell suspension were dropped on a clean slide and airdried. The slides were stained with Giemsa in phosphate buffer (pH 6.8). For each treatment, 30 well-spread metaphases were analysed to detect the presence of chromosomal aberrations. Criteria to classify the different types of aberrations (chromatid or chromosome gap and chromatid or chromosome break) were in accordance with the recommendation of EHC (Environmental Health Criteria) 46 for environmental monitoring of human populations (IPCS 1985) .
TAC and TOS analysis
The assay is calibrated with hydrogen peroxide and the results are expressed in terms of micromolar hydrogen peroxide equivalent per liter (µmol H 2 O 2 Equiv. L -1 ) (Erel 2004) . The automated TAC and TOS assays were carried out by commercially available kits (Rel Assay Diagnostics®, Gaziantep, Turkey) on plasma samples of GYZ treated cultures for 2 h.
Statistical analysis
Statistical analysis was performed using SPSS software (version 13.0, SPSS, Chicago, IL, USA). The Duncan's was used to determine whether any treatment significantly differed from the controls or each other. Statistical decisions were made with a significance level of 0.05.
RESULTS
Here, the cytotoxicity was determined using a colorimetric method with the MTT assay and an enzymatic method using LDH assay. The effects of GYZ (10-400 µg/mL Each individual whole blood culture without GYZ was studied as a negative control group (Control-). Different superscript letters in the same column indicate significant differences (P < 0.05). The serum total antioxidant capacity (TAC) and the total oxidant status (TOS) were evaluated by using an automated colorimetric measurement method. As shown from the results presented in Table 1 , two concentrations of GYZ (25 and 50 µg/mL -1 ) resulted a significant increase of TAC levels on human lymphocytes cells compared with the controls. On the other hand, GYZ did not change the TOS levels in cultured lymphocytes at all the concentrations. The effects of GYZ on the number MN in human lymphocytes cultures are shown in Figure 3 . Compared to negative-control group, Mitomycin C (10 -7 M) caused considerable increases of MN frequencies. GYZ at all applied concentrations (10-400 µg/mL -1 ) did not indicate significant differences in the number of MN compared with the control groups. The observed CA rate of control and experimental groups are shown in Figure 4 . Compared to negative-control group, Mitomycin C (10 -7 M) caused considerable increases of CA frequencies.
Results indicated that different concentrations of GYZ did not change the rate of CAs when compared with the control values. Ascorbic acid (10 µm) and hydrogen peroxide (25 µm) were also used as the positive controls in TAC and TOS analysis, respectively. Different superscript letters in the same column indicate significant differences (P < 0.05). 
DISCUSSION
In the current study, PBLs were treated with different concentrations of GYZ. MTT and LDH assays were used to examine the cytotoxicity effect of GYZ in vitro. MTT assay is a colorimetric method for determining the number of viable cells in proliferation. According to results of MTT analysis, the lower concentrations of the GYZ (10-100 µg/mL -1 ) had no effect in any of the parameters assessed (Fig.1) . The highest doses (150, 200 and 400 µg/mL -1 ) of GYZ were cytotoxic for the PBL cells. Lactate dehydrogenase (LDH) is a stable cytosolic enzyme released upon membrane damage in necrotic cells. LDH released into the medium provides an index of cell death and membrane permeability to LDH and an increase in LDH activity in the medium occurs as a result of cell membrane fragmentation and enzyme leakage (Yokogawa et al. 2004 ). According to results of LDH analysis, the highest doses (150, 200 and 400 µg/mL) of GYZ resulted increases in the LDH levels compared with the controls (Fig. 2) . These results were in agreement with the previous studies, which have reported that GYZ and azulene derivates could exhibit cytotoxic effects on cell lines such as human gingival fibroblast (HGF), pulp cell (HPC), periodontal ligament fibroblast (HPLF) and human tumor cell lines, including submandibular gland carcinoma (HSG), oral squamous cell carcinoma (HSC-2, HSC-3), promyelocytic leukemia (HL-60) (Wakabayashi et al. 2003; Fiori et al. 2011 ).
The antioxidant/oxidant effects of GYZ have not been investigated on PBL cells. For assessing the antioxidant/oxidant effects of GYZ, total antioxidant capacity (TAC) and total oxidant status (TOS) assays were performed in this study. The level of TAC increased after treatment by GYZ (25 and 50 µg/mL) compared to control group (Table 1) . Similar to these findings, previous studies showed that GYZ inhibited the rat hepatic microsomal membrane peroxidation in vitro (Kourounakis et al. 1997a; Dovolou et al. 2011) . In vitro and in vivo studies on the effect of GYZ on rat hepatic cytochrome P450 (CYP) showed that GYZ inhibited CYP1A2 activity (Kourounakis et al. 1997b ). Rekka et al. (2002) reported that GYZ considerably inhibited the lipoxygenase activity in rat hepatic microsomal membrane lipids, applying the 2-thiobarbituric acid test. Pratsinis and Haroutounian (2002) demonstrated that 3-vinylguaiazulene (a guaiazulene derivate) had antioxidant properties assayed by 2,2-diphenly-1-picrylhydrazly (DPPH). GYZ applications at all the tested concentrations did not show any significant increases of TOS levels in both the cultures. Many studies have demonstrated the in vitro or in vivo genotoxicity of several sesquiterpenes but not GYZ in different cell types. This study evaluated the genetic effect of GYZ on human lymphocytes culture using by micronuclei (MN) and chromosomal aberration (CA) assays. The findings showed that GYZ was neither cytotoxic nor genotoxic in vitro. Similar to these findings, Al-Zubairi et al. (2010) reported that zerumbon (a sesquiterpene phytochemical from a type of edible ginger) did not induce genotoxicity in the cultured human peripheral blood lymphocytes. Di Sotto et al. (2010) reported that beta-caryophyllene exhibited antigenotoxic activity in human PBL cells against the toxicity of ethyl methanesulfonate (EMS) and colcemid (COL). On the other hand, Gil da Costa et al. (2012) found that ptaquiloside (a norsesquiterpene) was genotoxic in the cultured human lymphocytes by using sister chromatid exchange (SCE) test. Besides, gossypol was also genotoxic in human lymphocyte cells by using SCE (Best and McKenzie 1988) . These divergent results suggested the relevance of the chemical structure in the biological effect of sesquiterpenes and indicated the importance of using various test models to reach a valid conclusion. Consequently, GYZ could be used as a suggested natural antioxidant for therapeutic, pharmaceutical and many health care products and solutions.
